A 2-dimensional detector system for high resolution thyroid 1-131 scintigraphy was developed. It has a sensitive area of 4cmx4cm and consists of a lead-collimator and an array of 10x10 BGO crystals combined with a position sensitive photomultiplier.
I. INTRODUCTION
At the Forschungszentrum Juelich a 2-dimensional detector system was developed, which is especially suited for studies of benign and malignant thyroid diseases during 1-1 3 1 therapy [l] . It aims at a high spatial resolution to get precise information about 1-13 1 distributions inside the thyroid. This was realised by using a collimator with an appropriate septa thickness and a lead matrix with BGO-crystals for the photon detection. Thus, the disadvantages [2] of conventional gamma-cameras [3] , [4] regarding spatial resolution could largely be avoided. This paper describes measurements of the spatial resolution and sensitivity in comparison to two commercially available gamma-cameras. Furthermore, also first results of patient measurements are reported.
DETECTOR
The detector consists of a parallel hole lead-collimator of variable thickness, which is placed in front of an array of 10x10 BGO (Bi4Ge3012) crystals with a single size of 2mmx2mmxlOmm (Fig. 1) . The BGO crystals were coupled to a position sensitive photomultiplier tube (Hamamatsu R2487) for light detection. As Compton scattered events inside the BGO lead to crosstalks between adjacent cells and hence to a decrease of the spatial resolution, the crystals have been separated by a 1.9" lead surrounding, which was realized through a lOmm thick matrix. The resulting sensitive area of the detector is 4cmx4cm. Also the collimator has been tailored for a higher spatial resolution. The circular collimator holes have a diameter of 1.8" and are exactly positioned above the BGO crystals. Thus, there is a 2.2" lead distance between adjacent holes to reduce septa penetration effects.
Furthermore, the photomultiplier and the BGO matrix has been surrounded by a 5mm thick lead shielding in order to avoid the detection of lateral radiation from the subject under study.
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Figure1 : Schematic drawing of the detector head Because of the relatively thick septa, there are dead areas on the acquired scintigramms. Therefore, the whole system is placed on a two dimensional unit capable to position the system in the x, y-plane. By moving the detector step-wise during measurements, several images are obtained, which are afterwards combined to achieve a final scintigramm without insensitive areas. Additionally, there is a height adjustable table available to position patients in z-direction (Fig.2) . 
HI. DPERIMENTAL RESULTS
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The spatial resolution and the sensitivity of the detector have been measured. In order to compare the results with commercial systems, also two available gamma-cameras, a Picker-Dyna-4 and a single head of a Trionix-Triad, have be&$& surveyed under identical measurement conditions. The spatial resolution was determined according to the Nema standard with a 0.9" wide line source, which has been filled with 1-131 and positioned 100" above the collimator. The FWHM and FWTH were calculated from the measured line spread function (Fig. 3,4) . The results are listed in Table 1 , showing a significantly higher resolution for the developed detector. For the determination of the sensitivity, a plane source of 100" diameter and 3mm height was filled with 1-131 and positioned 1 OOmm above the collimator. While this experimental setup is equivalent to the Nema standard, for the determination of the sensitivity of the developed system, the Nema standard is not directly applicable. Nema requires the use of a plane source of 100" diameter, whereas the sensitive area of the developed detector is only 38mmx38mm. Thus, the area of the phantom exceeds the sensitive area of the detector. In order to achieve a measure of the sensitivity the ratio of the surface of the phantom and the surface of the sensitive area was calculated. The assigned value was multiplied with the determined counts per minute/MBq measured with the 1 OOmm diameter phantom positioned 100" above the collimator. A sensitivity of -5OOcounts/min/MBq was calculated. The measured sensitivity of the Picker-Gamma-Camera with the 1 OOmm diameter phantom and a distance of 100" was 2386counts/min/MBq and for the Trionix-Triad a total sensitivity of 1 172counts/min/MBq was achieved. Here, the two commercial systems were superior to the developed detector by a factor of 2-5. The relatively long and thick collimator septa, which favour a high resolution, affect prejudicially the sensitivity by large absorption of initial radiation. Nevertheless, also the achieved sensitivity allows for patient friendly measurement times in the rang of 15min.
IV. PATIENT MEASUREMENTS
In addition first patient measurements have been carried out. Figure 9 demonstrates the results of a patient with thyroid cancer 72h after application of 3.7GBq 1-131 for ablation therapy. While the Picker-Gamma-Camera visualises a large area with homogeneous 1-131 uptake, the new system is able to identify several hot areas (acquisition time 16 min). This adds significant information to the physician for patient management. (Fig. 10 ).
V. CONCLUSION
Measurements of the spatial resolution and sensitivity of the developed detector system have been presented. Compared to commercial gamma-cameras the spatial resolution has been significantly improved, which was shown by measurements of line and thyroid phantoms. On the other hand the achieved sensitivity in lower due to the length and thickness of the collimator septa, but is still tolerable for patient friendly measurements.
First results of patient measurements were promising and a clinical study has been started to evaluate the impact of the method for patient management. Since the sensitive area of presented system is rather small a detector with a larger sensitive area using a Hamamatsu 5"Photomultiplier is under development , ,' 
